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SYSTEM AND METHOD FOR 
CATHETER-BASED SEPTAL DEFECT 

REPAIR 

FIELD OF THE INVENTION 

The present invention relates generally to occlusion and/or 
repair of defects of the heart. More speci?cally, the present 
invention relates to methods, apparatuses and systems utiliZ 
ing catheter delivery through a bodily lumen of a patient in 
order to repair congenital heart defects. 

BACKGROUND 

Congenital heart disease occurs in approximately six to ten 
children born out of one thousand. In general terms, congeni 
tal heart defects are abnormalities in heart structure formation 
arising during fetal development. While symptoms of such 
defects may become apparent folloWing childbirth or early 
childhood, the presence of such defects, and symptoms aris 
ing therefrom, may not be recogniZed until Well later into 
adulthood. 

Congenital heart defects include, for example, Atrial Sep 
tal Defects (ASDs), Ventricular Septal Defects (VSDs), and 
Patent Ductus Arteriosis (PDA). Generally speaking, defects 
in the septum such as ASDs and VSDs are some of the most 
commonly occurring congenital heart defects. For reference, 
the septum is composed of muscular tissue and acts to divide 
the heart into left and right sides. More speci?cally, the sep 
tum includes an atrial septum and a ventricular septum. As the 
name indicates, ASDs include improper formation of the 
atrial septum, the Wall separating the right atrium and the left 
atrium. VSDs are generally a hole or other defect in the 
ventricular septum, the Wall separating the right ventricle and 
the left ventricle. The presence of such congenital heart 
defects can result in relatively mild symptoms such as 
decreased energy, shortness of breath, or increased rate of 
fatigue. HoWever, congenital heart defects can also lead to 
more serious problems including heart failure, irreversible 
pulmonary vascular disease, or paradoxic emboliZation. 
One type of ASD is a Patent Foramen Ovale (“PFO”). 

During fetal development a passageWay for blood exists 
betWeen a septum primum and a septum secundum, Which 
later combine to form the atrial septum. This passage, or 
opening, is used during fetal development to facilitate blood 
?oW betWeen the tWo atria in a groWing fetus. In non-defec 
tive hearts, the opening closes folloWing childbirth due to 
increased pressure on the left side of the heart. HoWever, in 
instances Where the atrial septum is defective, the passageWay 
remains active after childbirth. This residual opening is a 
Patent Foramen Ovale. PFOs can be said to act like selective 
valves in many cases. In operation, the “valve” might only 
open under certain pressure conditions. For instance, pres sure 
exerted on the heart When a person is sneeZing or otherWise 
straining himself or herself can cause reverse blood ?oW 
through a PFO. 

In the past, congenital heart defects have largely been 
treated through open-chest surgery or other invasive proce 
dures requiring access through the chest or torso. Closure, or 
alternatively occlusion, of some congenital defects has also 
been accomplished utiliZing percutaneous techniques. In par 
ticular, a transcatheter approach has been utiliZed to deliver 
occlusion devices for ASDs, PDAs, PFOs, and VSDs, for 
example. Generally, these occlusion devices are delivered to 
a septal defect and then expanded Within the defect in order to 
both occlude the defect, and anchor the occlusion device in a 
desired position. 
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2 
HoWever, the occlusion device technologies mentioned 

above are potentially hampered by inherent shortcomings. 
For example, occlusion devices are often limited to use With 
centrally located defects having both Well-de?ned margins 
and limited siZes. Furthermore, implantation failures includ 
ing device migration, emboliZation, and residual shunts occur 
at undesirable levels. Indeed, repair of such failures can 
require emergency open chest surgery. Additionally, holes at 
the bottom of the atrial septum and large holes in the middle 
of the atrial septum can be problematic to occlusion device 
use, and may still require open chest surgery in order to either 
suture a defect closed, or suture a patch to the defect. 

While catheter-based methods can include the shortcom 
ings mentioned above, open chest surgery is still less desir 
able than less invasive catheter-based methods. In particular, 
during open chest surgery the heart is normally put under 
cardioplegic arrest With circulation maintained by cardiopul 
monary bypass. The invasiveness of such procedures, as Well 
as stoppage of the heart, drastically increases the risks of 
death and prolonged recovery. As such, a need exists for 
methods and associated devices capable of repairing congeni 
tal defects via less invasive means, including repairing those 
defects not amenable to the use of occlusion devices. More 
speci?cally, a need exists for a method and apparatus capable 
of alloWing a surgeon to suture a septal defect, or suture a 
patch to a septal defect, utiliZing a catheter delivery method. 

SUMMARY 

One aspect of the present invention relates to a method of 
repairing a septal defect in a septum de?ned by septal tissue. 
In particular the method includes introducing a guiding cath 
eter into a bodily lumen of a patient and delivering a repair 
device proximate the septal defect via the guiding catheter. 
The repair device can include a suture delivering portion 
maintaining a suture and a suture receiving portion. Opposing 
sides of the septum are pressed together With the repair 
device. Further, the suture is positioned at a ?rst location 
proximate the septal defect With the repair device and driven 
through the tissue at the ?rst location With the repair device. 
The suture is positioned at a second location proximate the 
septal defect and driven through the tissue at the second 
location With the repair device. Additionally, the suture is 
captured With the repair device and tied to repair the defect. 

Another aspect of the present invention includes position 
ing a ?rst end of the suture at the ?rst location proximate the 
septal defect and driving the ?rst end of the suture from a ?rst 
side of the septum to a second side of the septum With the 
suture delivering portion of the repair device. The suture is 
positioned at the second location proximate the septal defect 
by positioning a second end of the suture at the second loca 
tion proximate the septal defect. The second end of the suture 
is driven from the ?rst side of the septum to the second side of 
the septum With the suture delivering portion. The ?rst and 
second ends of the suture are captured With the suture receiv 
ing portion at the second side of the septum. 

Yet another aspect of the present invention includes posi 
tioning the suture at the ?rst location With the repair device by 
positioning a ?rst end of the suture at the ?rst location proxi 
mate the septal defect. The suture is driven through the tissue 
at the ?rst location by driving the ?rst end of the suture from 
a ?rst side of the septum to a second side of the septum With 
the suture delivering portion. The ?rst end of the suture is 
positioned at the second location proximate the septal defect 
and driven from the second side of the septum to the ?rst side 
of the septum With the suture delivering portion. The ?rst end 
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of the suture is captured With the suture receiving portion at 
the ?rst side of the septum and the suture is tied. 

Another aspect of the present invention relates to a septal 
defect repair system for repairing a septal defect in a septum 
de?ned by septal tissue. In particular, the system comprises a 
guide catheter disposed Within a bodily lumen of a patient and 
a repair device disposed Within the guide catheter. The repair 
device includes an expansion assembly con?gured to press 
opposing sides of the septum together and a suture delivering 
portion maintaining a suture and con?gured to drive an end of 
the suture through the septal tissue proximate the septal 
defect. The repair device also includes a suture receiving 
portion con?gured to capture the end of the suture from the 
suture delivering portion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying draWings are included to provide fur 
ther understanding of the present invention and are incorpo 
rated in and constitute a part of this Speci?cation. The draW 
ings illustrate some of the embodiments of the present 
invention and, together With the description, help explain the 
principles of the invention. Other embodiments of the present 
invention and many of the intended advantages of the present 
invention Will be readily appreciated With reference to the 
Detailed Description When considered in connection With the 
accompanying draWings. 

In the draWings, like reference numerals designate like 
parts throughout the ?gures, Wherein: 

FIG. 1A shoWs a plan vieW of an embodiment repair device 
in accordance With the present invention. 

FIG. 1B shoWs a cross-sectional vieW along line 1B-1B of 
FIG. 1A. 

FIG. 1C illustrates an enlarged vieW of the area designated 
1C in FIG. 1B. 

FIG. 2A is a cross-sectional vieW of the repair device of 
FIG. 1A similar to that of FIG. 1B, With ?rst and second units 
in an expanded state. 

FIG. 2B illustrates an end vieW of the repair device of FIG. 
1A, With the ?rst and second units in an expanded state. 

FIGS. 3 to 12B illustrate a method of repairing a septal 
defect in accordance With the present invention. 

FIG. 13A is a cross-sectional vieW along a central axisY of 
another embodiment ?rst unit of a repair device in accordance 
With the present invention. 

FIG. 13B is an end vieW of the alternative embodiment of 
FIG. 13A. 

FIG. 14 is a cross-sectional vieW along a central axisY of 
yet another embodiment repair device in accordance With the 
present invention. 

DETAILED DESCRIPTION 

In the folloWing Detailed Description, reference is made to 
the accompanying draWings, Which form a part hereof, and in 
Which is shoWn by Way of illustration speci?c embodiments 
in Which the invention may be practiced. In this regard, direc 
tional terminology, such as “top,” “bottom,” “front,” “back,” 
“leading,” “trailing,” etc., is used With reference to the orien 
tation of the ?gure(s) being described. Because components 
of embodiments of the present invention can be positioned in 
a number of different orientations, the directional terminol 
ogy is used for purposes of illustration and is in no Way 
limiting. It is to be understood that other embodiments may be 
utiliZed and structural or logical changes may be made With 
out departing from the scope of the present invention. The 
folloWing detailed description, therefore, is not to be taken in 
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4 
a limiting sense, and the scope of the present invention is 
de?ned by the appended claims. 
One embodiment of a catheter delivered septal defect 

repair device 20 in accordance With the present invention is 
provided in FIGS. 1A and 1B. The repair device 20 is con 
?gured for delivery into a body of a patient (not shoWn) via a 
catheter introduced into a bodily lumen of the patient, such 
bodily lumen including veins and/or arteries of the patient 
(not shoWn). The repair device 20 de?nes a central axis X and 
comprises a ?rst unit 22. The ?rst unit 22 includes a body 24 
de?ning an inner lumen 26 and an expansion assembly 28 
de?ning a suture receiving portion 29 of the repair device 20. 
In one embodiment, the repair device 20 further comprises a 
second unit 30. The second unit 30 includes a body 32 de?n 
ing an inner lumen 34, an expansion assembly 35, and a suture 
delivering portion 36. In general terms, the repair device 20 
can be con?gured to incorporate a “nested” design in order to 
facilitate its introduction into a body of a patient (not shoWn) 
via catheter insertion. As such, in one embodiment, the ?rst 
unit 22 is con?gured for insertion into a catheter and to also 
accept at least a portion of the second unit 30 Within the inner 
lumen 26 of the ?rst unit 22. With this con?guration, for 
example, both the ?rst unit 22 and the second unit 30 can be 
concurrently inserted into the body of the patient via subcu 
taneous methods. HoWever, the operative e?icacy of the 
repair device 20 Will be made clearer With reference to the text 
that folloWs. 

In one embodiment, the ?rst unit body 24 is tubular de?n 
ing an outer transverse perimeter. They body 24 can be 
formed of a metallic materials, such as Nitinol®, plastics, or 
materials similar to those knoWn for use in constructing cath 
eters. The body 24 preferably de?nes a generally rectangular 
outer transverse perimeter in cross-section. As such, the body 
24 preferably de?nes four faces 37 (FIG. 2B). HoWever, the 
body 24 can also de?ne an outer transverse perimeter having 
other cross-sectional shapes. In one embodiment, the body 24 
de?nes a maximum transverse diameter compatible With 
insertion into a catheter (not shoWn). The body 24 also de?nes 
a generally rectangular transverse perimeter of the inner 
lumen 26. 
The ?rst unit body 24 extends from a proximal end 40 

through a length to a distal end 38. The inner lumen 26 also 
extends from the proximal end 40 to the distal end 38. Fur 
thermore, and as Will be described in greater detail beloW, the 
?rst unit 22 is con?gured such that the ?rst unit 22 can be 
manipulated from outside the body of the patient (not shoWn) 
to repair a septal defect (not shoWn). As such, in one embodi 
ment, the body 26 de?nes a length such that the proximal end 
40 can be manipulated from outside the body of the patient 
While the distal end 38 is located proximate the septal defect. 
HoWever, it should be understood that the ?rst unit 22 can 
alternatively incorporate Wires or other ?xtures extending 
from the proximal end 40 to alloW external maneuvering of 
the ?rst unit 22 While the distal end 38 of the ?rst unit body 26 
is located inside the patient. 

In one embodiment, the ?rst unit 22 includes the expansion 
assembly 28 such that the ?rst unit 22 is capable of being 
transitioned betWeen an expanded state and a collapsed state. 
In one embodiment, the expansion assembly 28 includes a 
plurality of nests 42 formed in the body 24 and a plurality of 
projections 44, each of the plurality of projections 44 main 
tained by a corresponding one of the plurality of nests 42. As 
Will be described beloW, each of the plurality of proj ections 44 
is maintained Within a respective one of the plurality of nests 
42 With a pin 45 and an actuation Wire 67. Although the 
expansion assembly 28 includes the above-described fea 
tures, it should be understood that the expansion assembly 28 
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can also include, springs, balloons, or other expandable struc 
tures Without departing from the scope of the present inven 
tion. 

In one embodiment, each one of the plurality of nests 42 is 
generally rectangular in shape and is formed lengthWise in the 
body 24. A ?rst one of the plurality of nests 42 de?nes a 
proximal end 46, a lengthWise midpoint 48, and a distal end 
50. While the ?rst one of the plurality of nests 42 is described 
in greater detail herein, it is to be understood that a remainder 
of the plurality of nests 42 can incorporate similar features to 
those described in association With the ?rst one of the plural 
ity of nests 42. In one embodiment, each one of the plurality 
of nests 42 is preferably disposed radially about the body 24. 
As such, one embodiment includes four nests 42, each of the 
four nests 42 formed in a respective one of the faces 37 of the 
body 24. As shoWn, each one of the plurality of nests 42 is 
formed through a thickness of the body 24. However, it is to 
be understood that in other embodiments, each one of the 
plurality of nests 42 can be formed partially through the 
thickness of the body 24. 

Each of the plurality of nests 42 includes a ?rst pin track 52 
(shoWn With dotted lines in FIG. 1A and shoWn partially 
covered in FIG. 1B) formed in the thickness of the body 24 
and extending along a nest ?rst side 54 from the lengthWise 
midpoint 48 to the distal end 50. A corresponding second pin 
track 56 (shoWn With dotted lines in FIG. 1A) is also formed 
in the thickness of the body 24, extending along an opposing 
nest second side 58 from the lengthWise midpoint 48 to the 
distal end 50. In other Words, in one embodiment, each of the 
plurality of nests 42 includes an opposing pair of pin tracks 
52,56 extending along opposing nest sides 54,58. As Will be 
described in greater detail beloW, the tWo pin tracks 52,56 are 
con?gured to slidably maintain the pin 45. The tWo pin tracks 
52,56 can also be con?gured to rotatably maintain the pin 45. 

In one embodiment, each of the plurality of projections 44 
de?nes a proximal end 62, a lengthWise midpoint 64, and a 
distal end 66. In one embodiment, each of the plurality of 
projections 44 is con?gured such that an actuation Wire 67 can 
be af?xed to the proximal end 62. 

The plurality of projections 44 can be generally similar in 
siZe to the corresponding nests 42. As such, in one embodi 
ment, each of the plurality of projections 44 is a generally 
rectangular and ?at petal. However, each of the plurality of 
projections 44 is not as Wide or as long as the nest 42 in Which 
it is maintained. In this manner, the plurality of proj ections 44 
can be maintained in the corresponding one of the nests 42 
Without interfering With either of the opposing sides 54,58 or 
proximal and distal ends 46,50. Furthermore, each of the 
plurality of projections 44 is con?gured to be maintained 
Within the corresponding nest 42 Without protruding from the 
outer transverse perimeter of the body 24 When the ?rst unit 
22 is in the collapsed state. 
As shoWn in FIGS. 1A and 1B, each of the plurality of 

projections 44 forms a pin slot 68 con?gured to accept the pin 
45. In one embodiment, the pin slot 68 originates at a proxi 
mal end 69 proximate the proximal end 62 of the projection 
44 and extends proximate to the lengthWise midpoint 64. As 
shoWn by the dotted lines in FIG. 1B, the pin slot 68 extends 
WidthWise entirely from a ?rst side 70 to an opposing second 
side 72 through a thickness of the projection 44. In this 
manner, the pin 45 can be slidably retained Within the pin slot 
62 While remaining partially exposed from the opposing sides 
70,72 of the projection 44. 

In one embodiment, the ?rst unit 22 de?nes, or includes, 
the suture receiving portion 29 of the repair device 20. The 
suture receiving portion 29 can be generally described as a 
suture needle retaining structure. As shoWn in FIGS. 1A and 
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6 
1B, each of the plurality of proj ections 44 can de?ne at least 
part of the suture receiving portion 29. In one embodiment, 
the suture receiving portion 29 includes a conical receptacle 
that is generally complementary in shape to a suture needle 
With a porous material at a base of the conical receptacle (not 
shoWn). Additionally, it should be understood that other mate 
rials that can promote frictional engagement of a suture and/ 
or suture material (not shoWn) could also be employed. In 
another embodiment, and as shoWn in FIGS. 1A and 1B, the 
suture receiving portion 29 is de?ned by at least a portion of 
the plurality of projections 44 being formed of a mesh mate 
rial suitable for capturing a suture. In an exemplary embodi 
ment, the plurality of projections 44 are formed of Nitinol® 
Wire-mesh material. HoWever, alternative suture receiving 
portions 29 can be incorporated by the ?rst unit 22 and 
de?ned by the plurality of projections 44. For example, the 
suture receiving portion 29 can include forming at least a 
portion of the plurality of projections 44 of a relatively soft 
material. In other embodiments, the suture receiving portion 
29 can also include detents, magnets, adhesives, locking 
mechanisms or other features suited to suture needle capture. 
It Will be understood With reference to the text that folloWs 
that the second unit 30 can also de?ne, or include, a suture 
receiving portion of the repair device 20. 

In one embodiment, the pin 45 de?nes a pin central portion 
70, a pin ?rst end 72, and an opposing pin second end 74. The 
pin 45 can be a solid rod formed of a material such as Niti 
nol®. As shoWn in FIG. 1B, the pin 45 de?nes a generally 
circular transverse cross-section. In alternative embodiments, 
the pin 45 can also de?ne a cam shape in transverse cross 
section. 

In one embodiment, the actuation Wire 67 is adapted to be 
a?ixed to the proximal end 46 of the corresponding projection 
44. Furthermore, the actuation Wire 67 preferably de?nes a 
length such that a proximal end 76 of the actuation Wire 67 
can be manipulated from a point outside of the body of the 
patient (not shoWn) While a distal end 78 of the actuation Wire 
67 is af?xed to the corresponding projection 44. The actuation 
Wire 67 can be formed of a variety of materials, but in one 
embodiment is formed of Nitinol® Wire. As Will become 
more evident beloW, the actuation Wire 67 is con?gured such 
that an operator (not shoWn) manipulating the proximal end 
76 of the actuation Wire 67 can push and/or pull the Wire in 
order to transition the ?rst unit 22 betWeen the expanded and 
the collapsed states. 
The repair device 20 is shoWn in FIGS. 1A and 1B With the 

?rst unit 22 in a collapsed state. The plurality of projections 
44 and the plurality of nests 42 are preferably assembled 
together to de?ne the collapsed state shoWn in FIGS. 1A and 
1B as folloWs. The plurality of projections 44 are maintained 
Within corresponding ones of the plurality of nests 42 such 
that the plurality of projections 44 do not protrude, or extend 
outWardly from, the corresponding nest 42. In other Words, 
the plurality of projections 44 generally lie “in plane” With the 
corresponding nests 42 and a surrounding portion of the body 
24. 
As alluded to above, the pin 45 acts to help maintain the 

projection 44 in the corresponding nest 42, as the central 
portion 70 of the pin 45 is slidably maintained in the pin slot 
68. Further, the pin ?rst end 72 is slidably maintained in the 
?rst pin track 52 and the pin second end 74 is slidably main 
tained in the second pin track 56. With this arrangement, the 
pin 45 can be slid Within both the pin slot 68 and the opposing 
pin tracks 52,56. Further, the pin slot 68, the opposing pin 
tracks 52,56, or both, can be con?gured to alloW the pin 45 to 
rotate. As Will be described beloW, such a con?guration 
alloWs the projection 44 to be moved distally Within the 




















